After 10 minutes at RT, 5 µL freshly prepared INCA activator (50 µL 2.75 M CaCl 2 , 450 µL H 2 O, 50 µL Pathromtin SL [PSL; SiO 2 , DadeBehring, Marburg, Germany]) was added. After 0 to 12 minutes of coagulation reaction time (CRT), 100 µL 2.5 M arginine at pH 8.6 (Sigma, Deisenhofen, Germany) was added. After 20 minutes at RT, 50 µL 1 mM HD-CHG-Ala-Arg-pNA (Pentapharm, Basel, Switzerland) in 1.25 M arginine (pH 8.7) was added. The increase in absorbance at RT was determined using a fine optic microtiter plate reader (Milenia-DPC, Los Angeles, Calif). The results were standardized against the thrombin (IIa) calibrator (1 IU/mL bovine IIa (DadeBehring) in 6.7% human albumin (Kabi, Stockholm, Sweden), replacing the plasma sample.
Intrinsic Coagulation Activity Assay in Individual and Pooled Plasma of Patients With Normal Prothrombin Time and Activated Partial Thromboplastin Time Values
Four individual samples (after 6 hours RT) from unselected patients with normal prothrombin time (PT) and partial activated thromboplastin time T he intrinsic coagulation activity assay (INCA) is a new sensitive assay for the intrinsic pathway of blood coagulation. Thrombin generation in the INCA is measured in international units 1, 2 and not in coagulation seconds, which is sometimes difficult to standardize. 3, 4 In the important ascending branch of thrombin generation, the INCA is extremely sensitive to low-grade contact activation that may often occur in patients. Here, we were interested in the degree of hemostasis activation of different plasmas triggered by low concentrations of the contact activator SiO 2 .
Material and Methods

Intrinsic Hemostasis Activation in Frozen Normal Donor Plasma
Plasma aliquots (after 6 hours at room temperature [RT]) from 3 healthy donors were aliquoted in 500 µL samples in 1 mL polypropylene Eppendorf cups, frozen at −80°C, and thawed by shaking for 90 seconds at 37°C in a water bath; or thawed to RT, frozen at −20°C, and thawed to RT, or left unfrozen. They were tested in the INCA: 50 µL plasma was added to a polystryrol flat-bottom well microtiter plate (F-well type C; NUNC, Wiesbaden, Germany).
Low-grade contact activation of hemostasis is clinically relevant. Freezing/thawing of plasma was studied in the intrinsic coagulation activity assay. Normal plasmas were frozen at −80°C or −20°C and thawed at 37°C or 23°C. These plasmas and unfrozen samples were activated by SiO 2 -CaCl 2 . Freezing/thawing of normal plasma induced about 100-fold more thrombin activity at 5 minutes coagulation reaction time than the respective unfrozen samples. Freezing at −80°C induces more artificial changes than freezing at −20°C. In 9 of 10 plasmas of patients receiving coumarin, nearly no additional thrombin is generated within a 12-minute coagulation reaction time. Minor procoagulant changes of plasma might be dangerous in patients with insufficient liver function, who might not tolerate a therapy with fresh frozen plasma, which behaves as a procoagulant because of its matrix changes. The intrinsic coagulation activity assay allows the measurement of low-grade contact activation of frozen/thawed plasma.
(APTT) were pooled (in 4-fold determination). The INCA was performed as indicated in the section "Intrinsic Hemostasis Activation in Frozen Normal Donor Plasma."
Intrinsic Coagulation Activity Assay in Plasma of Unselected Patients Not Receiving Coumarin
In 12 samples of unselected patients not receiving coumarin, with normal PT and APTT (after 6 hours in RT), the INCA was performed as described in the section "Intrinsic Hemostasis Activation in Frozen Normal Donor Plasma."
Intrinsic Coagulation Activity Assay in Plasma of Unselected Patients Receiving Coumarin
In 10 plasma samples (after 6 hours at RT) of patients receiving coumarin therapy, who were at an international normalized ratio (INR) of 1.7 to 3.1, the INCA was performed as described in the section "Intrinsic Hemostasis Activation in Frozen Normal Donor Plasma," prolonging the final thrombin detection time to 14 hours at RT.
Comparison of Strong With Weak Contact Activation
Strong Contact Activation
Fifty microliters of 2.75 M CaCl 2 in 15 mL polypropylene tubes was freshly mixed with 500 µL PSL, and 5 µL thereof (PSL concentration in INCA activator = 91%) were added to 50 µL plasma samples that had been preincubated in F-wells wells for about 30 minutes at RT. Generated thrombin was determined as described in the section "Intrinsic Hemostasis Activation in Frozen Normal Donor Plasma." One international unit per milliliter IIa had 10.8 mA/min at RT.
Weak Contact Activation
Fifty microliters of 2.75 M CaCl 2 were freshly mixed with 450 µL H 2 O and 50 µL PSL, and 5 µL thereof (PSL concentration in INCA activator = 9.1%) was used to trigger the intrinsic pathway of hemostasis. Thrombin was determined as described in the section "Intrinsic Hemostasis Activation in Frozen Normal Donor Plasma." Figure 1 demonstrates that freezing/thawing of normal plasmas results in INCA activity that is about 100-fold higher than the comparable activity for unfrozen normal plasmas. A CRT of 5 minutes results in less than 0.1 IU/mL thrombin in unfrozen plasma but in about 8 to 10 IU/mL thrombin in the same plasmas when they were frozen/thawed. Of interest, freezing at −20°C induces less procoagulant changes in the respective plasma than freezing at −80°C. Thawing of −80°C frozen plasma at 37°C seems to be more procoagulant than thawing at 23°C (RT).
Results
This low-grade contact activation with 0.83% PSL (final assay concentration) in unselected patients with normal PT and APTT results in less than 1 IU/mL thrombin at 8 minutes CRT (Figures 2 and 3 ). In the plasmas of 9 of 10 coumarin-treated patients, no additional thrombin was generated in a CRT of 12 minutes (Figure 4 ). Figure 5 shows the INCA with low-grade contact activation compared with the INCA with 10-fold SiO 2 concentration (final assay concentration, 8.3% PSL). When the plasma is strongly activated by the contact activator, frozen/thawed normal plasma behaves nearly like fresh plasma in that the contact assay is blunted against minor procoagulant changes of the sample. Then, about 0.5 to 3 IU/mL thrombin is generated in plasmas of coumarin-treated patients at 4 to 5 minutes CRT.
Discussion
Minor procoagulant changes of plasma might be very dangerous in a patient that might be developing a severe prothrombotic or prodisseminated intravascular coagulation tendency. The liver is the main organ that clears activated coagulation factors out of the blood stream, and patients with liver insufficiency might not tolerate a therapy with fresh-frozen plasma. [5] [6] [7] [8] In contrast to industrially manufactured antithrombin, 9 fresh-frozen plasma, because of its artificial frozen/ thawed nature, might behave as a trigger for the contact phase of coagulation.
A certain INR in one patient seems not to be identical to the same INR in another. Thrombin generation seems to depend not only on the extrinsic but also on the intrinsic pathway. 10 Small amounts of thrombin generated by contact-activation 11 or cold-activation of plasma activate factor V or factor VIII, accelerating both extrinsic and intrinsic coagulation [12] [13] [14] and activating platelets. [15] [16] [17] The phenomenon of cold-activation of plasma has been known for some decades, [18] [19] [20] [21] but the exact thrombin amount generated in cold-activated recalcified plasma was not quantified. The present sensitive INCA technique allows the measurement of lowgrade contact activation of frozen/thawed plasma. 
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A B Figure 5 . Comparison strong to weak contact activation 5a: Strong contact activation 50 µl 2.75 M CaCl 2 in 15 ml polypropylene tubes were freshly mixed with 500 µl Pathromtin SL® (PSL); 5 µl thereof (PSL concentration in INCA activator = 91%) were added to 50 µl plasma samples in F-wells (NUNC, type C), that had been preincubated in the wells for about 30 min (RT). Generated thrombin was determined as indicated in Fig. 1 . 1 IU/ml Ila had 10.8 mA/min RT. APTT=85 s (grey O), APTT=79 s (grey ∆), NPC plasmas (open symbols), fresh pool out of NPC (x), normal pool -80°C frozen/thawed at RT (*), INR=2.21 ( ), INR=2.13 ( ), INR=2.36 (), u-NPC with fibrinogen at 8.7 g/l (-). 5b: Weak contact activation 50 µl 2.75 M CaCl 2 were freshly mixed with 450 µl H 2 O and 50 µl Pathromtin SL®; 5 µl thereof (PSL concentration in INCA activator = 9.1%) was used to trigger the intrinsic pathway of hemostasis. Thrombin was determined as described in Fig. 1. 
